
Lab. Project 930-76, Progress Report 3PSF 020-01-02, TASK 0727

Effects of Chemical Composition
And Heat Treatment

N0 On the Sea Water Corrosion Resistance
0Of Cast Modified Nickel-Aluminum Bronze

C. A. Zanis

M. L. Foster
J. R. Crisci

-DDC
Material Sciences Division "ngW1 r9_

iSEP 2 9196%7
August 1967 ... LZUFL

B

I ~ ' U. S. NAVAL APPLIED SCIENCE LABORATORY
BROOKLYN, NEW YORK

Each transmittal of this document outside the Department of Defense

Smust have prior approval of NASL

I Il



EFFECTS OF CHEMICAL COIMPB"TON
AND HEAT TIWATNW

ON TH SEA WATR CORROSION MSIBANCE
OF CAST MDIID NICKEL-AIUCW 1"CU7

Lab. Project 930-76, Progress Report 3

SF 020-01-02, TASK 0727

C.A. ZANIS
M.L. F087HR
J.R. CRISCI

21 August 1967

MATERIAL SCIENCES DIVISION
D.H. KALLAS, HEAD

AV~rved.Aprod : _____

t=hnor Captala, U3n
ComadinM Offier uad Director

EACH TANBSMITTAL OF THIS DOCMMLt
OUTBPID THE DEPAm4m OF DlI
MST RAVE PRIOR APPROVAL OF NASL

U.S. NAVAL APPLIED SCIENCE AEO A=C
FIWSING AND ASHEIM AVTOM

V 3UOKCIfl, UW YON 12251



Lab. Project 930-76
..... Progress Report 3

SUMARY

Flowing sea water corrosion tests were conducted on four modified
cast nickel-aluminum bronzes in order to determine the effects of
variation in alloy composition and heat treatment on pitting corrosion
tendencies. It was found that the aluminum and iron contents controlled
the pitting corrosion resistance of these alloys. A proper balance
of the major alloying elements appeared necessary to insure adequate

corrosion resistance. Heat %reatment at 13000F and 1OO°F improved the
overall corrosion resistance over that of the as-cast alloys. For
these modified compositions it was observed that slow cooled cast
material displayed better as-cast corrosion resistance than fast cooled
material.
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ADMINISTRATIVE INFORMATION

Refs (a) WAVAFLSCIEDAB Program Smumary of I May 1967,
SF 020-01-02 Task 0727

(b) NASL Project 6355, Progress Report 1 of 25 Oct. 1963
(c) NSL Project 6355 Tetlical Memorandum: #1 of 17 Apr.1964
(d) NASL Project ;355 Technical Memorandum #3 of 26 May 1965
(e) NASL Project 6355 Technical Memorandum :,#7 of 17 Sep.1965
(f) NASL Project 6355 Technical Memorandum #8 of 4 Apr. 1966
(g) NASL Project 930-76(l) Progress Report #2 of 5 Jul. 1967
(h) Military Specification MIL-B-23921, Amendment 2 of

25 July 1966
(i) Federal Test Method Standard No. 151a of 6 May 1959

1. In connection with the U. S. Naval Applied Science laboratory's
(NASL) Program on Fabrication of Non-Ferrous Machinery Alloys, outlined
in reference (a), the laboratory is conducting an investigation on the
deterioration of aluminum bronze casting alloys in sea water due todealuminization attack, with particular emphasis on the effects of heat

treatment and welding on this corrosion phenomenon.

BACKGROUND

2, Previous Laboratory work on the dealuminization tendencies of
aluminum and nickel-alminu bronze casting alloys in flowing sea water

wast. reported in references (b) through (g) which dealt with alloys
governed by Military Specifications MIL-B-16033 and MIL-B-23921. As-
cast aluminum broises, MIL-B-16033 Classes 1, 2 and 3, exhibited signifi-
cant losses in tensile strength due to dealuminization of the inter-
connected microtruotural network of aluminum-rich beta and alpha plus
gamma-2 outectoid phases.

Notes (1) Laboratory Project 930-76 was formerly designated Laboratory
Pftject 6355.
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3. A duplex heat treatment (16250? (2 I.) W.Q.-l1250 F (1 ! hr) W.Q.)
was suaeiseful in breakUW up and dispersing the interconnected
alvainun-rieh phases and thq& imOved the dealuminimtion corrosion
resistance of the alloys. However, the daplex type heat treatment is
costly and the benuf ta derived from this thermal treatment are
nullified when weld repairs are made.

4. The IL-3-16033-Class, 4 alloy contains bignificant alloying
additions of nickel and iron which tend to suppress the formation
of the alpha plus gmnm-2 etttectoid (cantinuous aluminum-rich networks)
in the as-oast microstucture. When this alloy was investigated by NASL,
it Was fowid that after one year in sea water the as-cast material was
subject to dealuinizatiom. It was concluded that while the Class 4
allay contained substantial alloying additions, the specified aluminum
content (O.0-li.5%) was too high and consequently residual beta phase
was encoutered in tie as-cast material.

5. Therefore, interest turned to a cast nickel-aluminum bronse alloy of
lower aluminum contentL--2392;8%-9.% Al) with eqivalent alloying
additions of nickel a Iron since it was iovsidered that the elimination
of the dealdnisaio m orrouion tendencios would be of greater signifi-
cance then a s&l21g reduction in strength properties. This alloy was
inestigated by the labor'tory and found to be susceptible to a severe
surface pitting corrosion attack& The losses in strength due to this
surface pitting were cempaable to those encotmtered in alloys susceptible
to deamluo"Iation (references (e) and (f)). NASL felt that this attack
was due to a non-aiform distribution of the aderostructural phases and,
in particlaw , to regions in the microstructure with high concentrations
of kappa (a complex phase introduced by the NI and Ire additions) and beta

6. The duplsx Neat treatment (3629w (2 hr.) V.Q.-12O( hr)
W.Q.) wioh was sumcessful in eolmating dealmnizatian tendencies
in the XIo-3603 eass alloys was not effective in eliminating
the surface pitting corrosion susceptibility of the MIL-B-23I9
bronze alloy. An additional problem area was discovered when the
heat-affected same of as-welded speeimens was found to suffer fram
ds.~aem tr-one year .expos* In sea water. In an attempt
to improve the pittng corrosion resistance and to eliminate dealumini-
zation in the heat-affected *one the Laboratory, in reference (f), re-
commended a heat treatment (l30O;F (3 hr) Fwuxc Cool) be applied
to all castings and lents produced muer spec fication MIL-B-23921.

6
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It was felt that this heat treatment would serve to homogenize the
cast microstructure by eliminating the regions of high concentrations
of secondary phases (kappa and beta). In addition, the amount of
dealuminization prone beta phase encountered in the heat-affected
zone of weldments would be reduced upon application of this heat
treatment. This recommendation was accepted and has been incorporated
into Military Specification MIL-B-23921 (reference (h)).

7. In order to determine the effect of alloy composition on the
pitting corrosion tendencies of nickel-aluminum bronze, and to
evaluate the effectiveness of the aforementioned homogenization
the treatment, NASL initiated an investigation, the results of which are
reported herein.
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OBJECTIVE

9. The objectives of the work reported herein are to determine the
effects of chemical composition, foundry practice, and heat treatment
on the sea water corrosion resistance of NASL modified nickel-aluminum
bronze casting alloys.

PROCEDURE

10. Material. The materials utilized in this investigation consisted
of four (Tcast nickel-aluminum bronze alloys prepared to NASL
specifications by Ampco Metal Incorporated, Milwaukee, Wisconsin.
The alloys were supplied to NASL in the form of l"xlx6"l bars removed
from standard keel-block castings (reference (i) - Method 211.1,
Figure 12c). The producer's chemical analyses of the four bronze
alloys are presented in Table 1.
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ii. Conditions Studied. In order to determine the effect of cooling
rate on the resultant corrosion and tensile properties, one half of
the keel-block castings were "shaken out* of the mold at approximately
13000F and allowed to air cool; the remainder were allowed to cool
overnight to room temperature. Various thermal treatments were applied
to 1"xl"lft slugs, cut from the cast test bars, in order to determine
an optimum heat treatment for each alloy. The following table summarizes
the conditions studied in this investigation:

AS - CAST HEAT TREATED(1)

Alloy 95 - Slow Cool; Fast Cool 1300OF (3 hr)F.C.(2)
Alloy 96 - Slow Cool; Fast Cool 1400OF (3 hr)F.C.
Alloy 97 - Slow Cool; Fast Cool 1400°F (3 hr)F.C.
Alloy 98 - Slow Cool; Fast Cool 13000F (3 hr)F.C.

(1) All heat treatments performed on slow cooled material, (based on
microstructure).

(2) F. C. - Furnace Cool.

12. Preparation of Test Specimens. From each of the l"xl"x6" keel-block
test bars, two (2) flat tensile specimens were machined. A sketch of
the test specimen is given in Figure 1. Four (4) specimens were pre-
pared for each of the conditions studied. Specimens representing heat
treated conditions were machined after the coupon had received its
designated heat treatment.

13. Testing. The following tests were performed on the four modified
nickel-Tai iin um bronze alloys:

(a) Sea Water Corrosion - Two test specimens for each of the
conditions studied were forwarded to the Harbor Island Corrosion Test
Station, Wrightsville Beach, North Carol#* for six month immersion
in flowing sea water (approx. 3 ft/sec.)kllSpecimens were cleaned and
weighed prior to exposure. Upon removal from sea water, the specimens
were cleaned, re-weighed and photographed. Due to the pitting type
corrosion encountered, the depth of pitting was measured on each sample
and reported as both maxiim and average values.

(b) Tensile Testing - All tensile tests were conducted in accordance
with refeirene (1). specimens were tested in the unexposed condition
to establish control properties. After six month sea water exposure,
specimens were tested to determine the effects of corrosion on tensile
properties.

(1) Ampco Metal Inc. arranged for corrosion testing and shipment of
test specimens.

8
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14. Metallography. For each condition studied, photomicrographs weretaken an samples removed from the shank ends of the control tensile
speciusiw. In the case of the exposed tensile specimens, excessive
crevice corrosion was encountered on the shank ends. Consequently,
metallographic samples were removed from the gage sections of these
specimens after tensile testing. All etching was performed using a
10% solution of ammonium persulfate in water and the etchant was applied
by immersion of the specimen in bhe solution.

RESULTS

15. Microstructure. The microstructures of the four modified nickel-aluminumbronze alloys studied in this investigation are presented in Figure 2. All
the alloys contain the alpha, beta and kappa phases in their as-cast micro-structures. Fowever, the size, shape and distribution of these phases are afunction of alloy composition, rate of cooling in the mold and heat treatment.

16. Fast cooled as-cast microstructures contain acicular alpha grains sur-rounded by dense networks of "pearlitic" or lamellar kappa and residual beta
phases. The microstructures of the alloys allowed to slow cool in themold indicate a general decrease in the amount of the secondary phases
(kappa and beta) present. This is attributed to the transformation ofresidual beta to alpha plus kappa and to the spheroidization of the lamellar
kappa phase upon slow cooling.

17. Application of a 1300OF or lOOOF heat treatment to the slow cooled as-cast material (Figure 2) results in a homogenization of the microstructure.
This homogenization is marked by (a) precipitation of fine kappa phase with-in the alpha grains, (b) elimination of the beta and kappa phase networks,
and (c) spheroidization of lamellar kappa phase. The identity of the black
etching constituent present in the microstructures of Alloy 95 and the slowcooled and tempered microstructures of Alloy 97 is not known, but examina-tion at high magnifications suggests that this constituent may well be a
massive fcrm of kappa phase. This constituent will be discussed at greater
length later in the report.
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18. Surface Appearance. In all cases, the four alloys tested
exhibited appreciable crevice corrosion on the shank ends of the
specimens after six month sea water exposure. This is not unusual
in view of the fact that the specimens were supported during immersion
on wooden racks which made contact at the shank ends. For this reason,
attention was centered on the gage length portions of the specimens.
There were significant differences in the appearance of the gage
lengths from alloy to alloy, as illustrated in Figure 3.

19. Both Alloy 95 and Alloy 97 in the as-cast conditions displayed
relatively severesurface pitting corrosion after sea water exposure.
On the other hand, as-cast alloys 96 and 98 were free from any signifi-
cant surface attack, other than the crevice corrosion mentioned above.
For a given alloy there was little visible difference in pitting
corrosion attack between the slow cooled and fast cooled as-cast test
specimens. This was surprising in view of the fact that the micro-
structures indicated differences in the distribution of the phases as
well as in alpha grain sise, i.e., see Figure 2, Alloy 97, fast cool
vs. slow cool as-cast.

20. When the as-cast material was compared to specimens which received
homogenization treatments (1300OF or 4000F) it appeared that the alloys
susceptible to pitting corrosion remained susceptible after heat treat-
meit , but the resistance to pitting was definitely improved. As was
expected, the alloys which were almost unmarked by pitting in the as-cast
condition (NASL Alloys 96 and 98) showed no visible change in surface
appearance as a result of thermal treatments.

21. Corrosion Measurements. The relative sea water corrosion resistance,
of the four modified nickel-aluminum bronze alloys studied, is expressed
in terms of weight loss and maximum depth of pitting in Table 2.
Considering the weight loss data first, the slow cooled as-cast material
appears relatively more resistant to sea water corrosion than material
in the fast cooled as-cast condition, regardless of the alloy being
considered. This difference between the as-cast conditions was not
apparent from a visual examination of the specimeAs.

!1
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22. Weight loss data indicate that' as-cast Alloys 96 and 98 are most
resistant to sea water corrosion. This is in agreement with prior
visual appraisal of the alloys. Furthermore, there appears to be
no significant difference in the corrosion resistance of Alloy 96
and Alloy 98. Witl agard to as-cast Alloys 95 and 97, their corrosion
resistance appears To be inferior.

23. Heat treatment at 13000F and 1400OF resulted in improved resist-
ance to pitting attack (loss of metal) during sea water exposure when
compared to the as-cast conditions. The heat treatment appeared to be
most beneficial on Alloys 95 and 97 by reducing the amount of metal
loss during sea water exposure. Thus, weight loss data illustrates the
effectiveness of the low temperature homogenization treatment.

24. Depth of pitting measurements were reported for academic information
and not for the purpose of evaluating the relative corrosion resistance
of the alloys. In any event, indications are that significant depth of
pitting may be encountered in nickel-aluminum bronzes.

25. Tensile Tests. Results of tensile tests conducted on control and
six month exposed specimens are presented in Table 3. After six month
sea water exposure, it was noted that the percent elongation displayed
by the exposed specimens was consistently higher than that of the
corresponding control specimens. Tensile strength values of the exposed
specimens remained practically unchanged when compared with the control
samples. The only property which appeared to be reduced by the
corrosioh exposure was the yield strength.

DISCUSSION (F RESULTS

26. The results of this investigation are summarized on Table 4,
which shows the effect of chemical composition on the corrosion resist-
ance of the NASL modified nickel-aluminum bronze alloys. It appears
that both aluminum and iron have a strong influence on the pitting
corrosion resistance of these alloys. The effect of aluminum is illus-
trated by a comparison of Alloy 95 (9.4% aluminum) to Alloy 96
(9.9% aluminum). Both materials contained equivalent amounts of iron
and nickel; however, the higher aluminum content alloy displayed far
superior pitting corrosion resistance. The effect of iron on pitting
corrosion is illustrated by comparison of Alloys 97 (6% iron)and 96
(4% iron) which contain equivalent amounts of aluminum and nickel.

AAM
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This indicates that excessive iron is detrimental' to pitting corrosion
resistance (even in the prewence of 9.9% aluminum, which was shown to
b6 adequata for Alloy 96). Thu&, it appears that the alloy composition
mist be bam*eed with regard to alumnim , iron and nickel in order to
achiveadequate- pitting corrosion resistance.

27. Bvideve in favor of an upper limit for the iron content is found
in the microw actures of Alloy 95 and Alloy 97, which reveal a massive
black-etching amotituent that oti takes the appearance of large
rosettm (.PmAp.ah I7'") Ohw such massive particle is illustrated
tn:Figue 14. Mw maqa iA typical of the phase which has been called

kkW (ef*mse (g)).. The, maaive constituent is also
cha te~ ed. by-it. tendency to. be found in the center of alpha grains.
Prom the abor- observations, it is Nit that both Alloys 95 and 97
conta-- iron: iuamoess of the mount which the alloy composition will

oextei Thur, thw iron appears to havw segregated and formed massive
particlm of ftwrlchk Iappa-,, Thme massiv& particles may impair
an.em i resis ce br acting a sites for pitting corrosion to

20. I shoulm be noted that the pitting corrosion attack -as concen-
trated on. tham regions of the microat=w which contained high
conavntvatiowa of kiappa. and beta phxaae Microscopic examination
further- revewled that inL mos- intances the beta phase was subject to
deebu nitio&wr. Hwsverj. the, momboat of the attack- was minor and rela-
ti v 'el auattwmde. This- JW verifie- by the absence' of dsaluminization
on- thr fbatuw. surfaces of the expasaii specimens..

29.. VAheLin, in the, ie -tonkw I -WI. ratio from 0.8 to 1.2 at the same
26vivE of anuup" d1- not+ affect the corrosion resistance of the alloys

tAtes te iror contet was far in exces of 5% at the 9.9% aluminum
3l&el. This ir illustrated br camarism of anays 96,. 97 and 98
(u blb- Q.. Th ffbct of niclws oonat on the alunmnus-iron balance
how nott been-, m rtaied Ur. thim i estigat 4, however-,. it is certain
tt nickelW-11 havl e air effect. or thr balance..

30., TW ramt. of temsile: tests (Thb. 3) were a=li g in. view of
a lack of au sigificant. rednwons in strength as a result of the
pittig- aorAion amountetvd in Alloy* 95 and 97.. This led to the
compariso whicI. appms in bl* 5.. Data, pevided by Axpeo on O.505*
"diamter- coa L tanslUl sae ware. campared to NASVI s flat
tensile cmtrL values and in aa3l cases the flat type specimens

32
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exhibited higher yield and lower tensile strengths than the corre-
sponding round specimens. In addition, the ductility of the flat
tjpe specimens was significantly lower than that exhibited by the
0.505" diameter specimens. It was concluded that the flat tensile
specimens used to establish the control properties did not demonstrate
the true tensile properties of the alloys as demonstrated by the
values obtained on 0.505* diameter specimens. Therefore, the effects
of sea water corrosion on the tensile properties of the NASL modified
nickel-aluminum bronzes were not considered. The reason for the
unusual behavior of the flat control bars mayllm attributed to the
method by which these test bars were removed from the l"xl"x6" keel
block casting legs.

31. The effect of homogenization heat treatments (i.e., 1300cF or
140F for 3 hrs) on the corrosion resistance of the modified nickel-
aluminum bronzes may'be evaluated on the basis of weight loss data. While
the weight loss data reported in Table 2 reflect the effects of both
pitting and crevioscorrosion, the improvement in overall corrosion
resistance as a result of heat treatment is nonetheless apparent. This
improvement is attributed to a homogenization of the as-cast micro-
structure at the heat treating temperature. The resultant structure
is relatively free from regions of high concentrations of beta and
kappa phases which were targets for pitting corrosion attack in theas-cast material.

32. Weight loss data also revealed that the slow cooled as-cast alloys
have better corrosion resistance than the fast cooled alloys. This
is attributed to additional time at relatively high temperature
(approximately 13000F) which allows the microstructure of the slow
cooled material to become more homogeneous than its fast cooled counter-
part.

CGNCWSION

33. As a result of the. work performed in this investigation the
following conclusions are drawn with regard to the NASL modified cast
nickel-alumum bronsess

a. For given levels of nickel and iron, resistance to pitting
corrosion increases with increasing aluminum content.

b. For given levels of nickel and aluminum,resistance to pitting
corrosion decreases with increasing iron content.

13
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c. Chemical composition must be properly balanced with respect
to the aluminum, iron and nickel contents in order to achieve
adequate resistance to pitting corrosion.

d. Slow cooled as-cast alloys display better sea water corrdsion
resistance than alloys *shaken-out" of the mold at approximately 1300OF
and allowed to air cool.

e. Heat treatment at 1300°F or 1400°F (depending on the alloy
composition) increases the corrosion resistance over that of the as-cast
material.

RECCHWIDATIONS.

34. In view of the dependence of pitting corrosion on the aluminum
and iron contents of the modified nickel-aluminum bronze, it is re-
commended that a thorough, investigation be initiated aimed at developing
an aluminum bronze alloy with adequate pitting and de4luminization
corrosion resistance by quantitatively defining the compositionra limits
on aluminum, iron and nickel.

35. As a result of the improvement in sea water corrosion resistance
associated with the heat treatments given to the NASL modified alloys
in this investigation, it-is recommended that castings produced under
Specification MIL-B-23921, continue to receive the specified 1300oF
(3 hr) F. C. heat treatment. (Reference (h)).

FUTURE WORK,

36. The Laboratory is currently preparing'a series of alloys in order
to study in detail the effects'of aluminum, iron and nickel on the
sea water corrosion resistance, tensile properties and weldability of
cast nickel-aluminum bronze.- Corrosion specimens will be forwarded to
the Harbor Island Corrosion Test Station for six month and one year
immersion in flowing sea water. It is anticipa'ted that the results
of investigations on the unexposed material will be-reported by
December 1967. In addition, this report will encompass the effects of
a 1300°F (3 hr) F. C. heat treatment on the. tensile properties and
microstructure of the alloys.

14'
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TABLE 1 -Producer's Chemical Analysts of NASL Modified NihA Bronze Alloys.

9679.69 9.87 5.22 4.44 0.78 - -

97 78.140 9.90 5.87 5.02 0.80 0.01

98 80-54 9.85 3.87 4.92 0.80 0.02

Note: (1) Analysts supplied by Ainpco Metal Inc., Milwaukee,
Wisconsin.
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TABLE 2 - Effect of Six Month Sea Water Exposure on Modified Ni-Al-
Bronze Alloys.
(Data Submitted by INCO Harbor Island Corrosion Test Station).

CONDITIO OF WEIGHT LOSS() DEPTH OF PITTING(2)
MATERIAL (Grams) (Inches; Max.)

NASL ALLOY 95

As-Cast (Slow Cool) 4.25 0.019
As-Cast (Fast Cool) 5.47 0.023
1300°F (3 Hr) F.C. 2.54 0.005

NASL ALLOY 96

As-Cast (Slow Cool) 2.53 0.011
As-Cast (Fast Cool) 3.74 0.011
1400OF (3 Hr) F. C. 2.09 0.003

NASL ALLOY 97

As-Cast (Slow Cool) 4.27 0.007
As-Cast (Fast Cool) 5.05 0.008
1400°F (3 Hr) F. C. 2.65 0.019

NASL ALLOY 98

As-Cast (Slow Cool) 2.19 0.003
As-Cast (Fast Cool) 3.39 0.003
1300°F (3 Hr) F. C. 2.20 0.003

Note: (1) Average of Two Specimens*;
(2) Depth of Pitting on Gage Length of Tensile Specimens.
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TABE 3 - Coparison of Tensile Properties of Modified Ni-Al-Bronze Alloys
Before and After Sea Water Exposure.

TH(2sr ELONGATION____
cornow N EzPsURE YI w i(W ) TENSzI, STRENGTH EIGATION
MATERIAL PERIOD (KSI) (KSI) (% in 2*)

KASL ALLOY 95

As-Cast Control 41.0 87.0 Ii.0
(Slow Cool) 6 Months 35.8 84.8 13.0

As-Cast Control 415 90.0 10.0(3)
(Fast cool) 6 Months 37.8 92.5 15.0

13000F(3H)F.C. Control 44.7 94.2 10.0
6 Months 42.2 95.5 15.0

IASL ALUY 96

As-Cast Control 43.5 90.1 10.0
(Slow Cool) 6 Months 40.1 94.5 16.o

As-Cast Control 41.7 96.6 14.5
(Fast Cool) 6 Months 41.0 97.4 16.5

O1400F(3Hr)F.C. Control 43.1 91.3 10.5
6 Months 39.6 93.6 15.0

NVAL ALLOY 97

As-Cast Control 43.3 88.8 8.0
(Slow Cool) 6 months 39.8 89.9 12.0

As-Cast Control 45.5 90.7 8.0
(Fast Cool) 6 months 41.7 93.9 12.0(3)

1400 0O(3Rr)F.C. Control 43.0 94.8 12.0
6 Months 40.9 90.4 11.0

WASL ALLOY 98

As-Cast 6 Months 41.2 94.7 16.o
(Slo cool)
b-et control 44.5 96.3 10.0
(Fast Cool) 6 Months 42.3 96.4 16.0

1300F(3Hr)F.C. Control 46.5 95.4 10.0
6 Months 143.6 97.4 16.0,

Notes (1) Flat Tensile Specimens as shown in Figure 1.
(2 0.0514 Extension Uinder Load.
3One Determination.

-- - I I .l I II I l lll
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TABLE 4 - Relative Corrosion Resistance of Modified Nickel-Aluminum Bronzes
As a Function of Chemical Composition.

NASL CHMIICAL CcPOSITIONO-) Fe-to-Ni RELATIVE
ALLOY A1 Fe Ni RATIO CORROSIONRESISTANCE

95 9.4 5.4 U.5 1.2 Poor

96 9.9 5.2 4.4 1.2 Excellent

97 9.9 5.9 5.0 1.2 Poor

98 9.9 3.9 4.9' 0.8 Excellent

Note: (1) Approximate or Nominal Composition.
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TABLE 5 - Effect of Test Bar Geometry on Control Tensile Properties of
Modified Nickel-Aluminum Bronze Alloys.

COKDITION (7 SPECIMEN PwRs AlMRTTE
MATERIAL TYPE YIELD STRENGTH(') TENSILE STRENGTH ELONGATION

(K51) (KsI (% in 20s)

NASL ALLOY 95

As-Cazt Round(2) 38.0 96.0 21.0
(Slow Cool) Flat(3 ) 41.0 87.0 11.0

As-Cast Round 39.0 99.0 22.5
(Fast cool) Flat 41.0 90.0 10.0

NASL ALLOY 96
As-Cast Round 40.5 100.0 22.5

(Slow-Cool) Flat 43.5 90.1 10.0

As-Cast Round 42.0 104.5 22.5
(Fast Cool) Flat 41.7 96.6 .14.5

NASL ALLOY 97

As-Cast Round 42.0 99.0 18.0
(Slow Cool) Flat 43.3 88.8 8.0

As-Cast Round 42.0 103.5 18.o
(Fast Cool) Flat 45.5 90.7 8.0

,ISL ALLOY 98

As-Cast Round 44.o 101.0 18.0
(Nt Cool) Fat 4.5 96.3 10.0

Notess (1) 0.005 Extension Wtd Load.
(2) 0.5050 Diamter Specimen - Data supplied by Ampco Metal Inc.
(3) Flat Tenile Specimen as shown in Figure 1.
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t$. ABSTRACT

Flowing sea water corrosion tests were conducted on four cast modified
nickel-aluminum bronzes in order to determine the effects of variation in
alloy composition and heat treatment on pitting corrosion tendencies. It was
found that the aluminum and iron contents controlled the pitting corrosion
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